Procedures and Findings
Twenty-four male wheelchair basketball athletes between 20 to 36 years of age from the Turkish Armed Forces Rehabilitation and Care Center participated in the study. All the athletes were right-side dominant and none reported instability, impingement, or shoulder joint pain. The participants were randomly assigned to one of two protocols for The Turkish Sport Federation for Physically Disabled has reported that the number of athletes participating in wheelchair basketball has increased from 30-35 athletes in 1993-94 to 2100 athletes in 2012. Relatively little research evidence exists pertaining to wheelchair basketball injury mechanics and rehabilitation methods. A wheelchair basketball player must dribble and pass at chest level or overhead, with the shoulder joint in varying degrees of abduction or flexion. The shoulder musculature must repetitively generate rotational torque for wheelchair propulsion. 1 Isokinetic strength testing of the internal and external rotators of the shoulder is usually performed with arm elevation in the frontal or scapular planes. [2] [3] [4] The shoulder is usually positioned at 90° of flexion when the internal and external rotation motion is performed in the frontal plane. The dynamic stability of the glenohumeral joint is believed to relate to the strength balance between the internal and external rotator muscles. 3 When the motion is evaluated in the scapular plane, the arm is elevated to 30-45° flexion and abduction. In Short-term isokinetic exercise training of the shoulder external and internal rotators improves strength and anaerobic capacity.
Isokinetic exercise training of the shoulder rotators in the scapular plane versus frontal plane does not appear to differ in terms of improvement of anaerobic power in wheelchair basketball athletes.
Evaluation and rehabilitation of shoulder rotator muscle strength should be performed in the scapular plane to avoid impingement.
isokinetic training of the shoulder internal and external rotators: (a) scapular plane motion performed in a sitting position with shoulder joint in 45° of flexion and abduction, and (b) frontal plane motion performed in a supine position with the shoulder in 90° of abduction.
Isokinetic resistance exercise training was performed three times per week for a period of 6 weeks. The athletes were instructed to perform the internal and external rotation motion as rapidly as possible for 30 s at a 180°/s isokinetic velocity. 17 Shoulder pain was experienced by 4 participants during frontal plane training, which resolved after termination of training. A total of 20 participants completed the training program (Table 1) .
Pretraining and posttraining isokinetic testing of internal and external rotator strength consisted of five repetitions at 60°/s and 10 repetitions at 180°/s (Cybex Norm, Lumex Inc., Ronkonkoma, NY), which was performed after the athletes had warmed up for 5 minutes on an upper body ergometer. Anaerobic power was measured by the 30-s Wingate anaerobic test (WANT), which utilized an upper body ergometer (Ergomedic 891E, Monark Exercise AS, Sweden). The trunk was stabilized against the ergometer chair by a strap and a 50-g per kg of body mass level of resistance was used. Peak-power (W/kg), mean-power (W/kg), fatigue index (%), peak-time (s), and low-time (s) were recorded. 15 Percentage of body fat, lean body weight, and fat weight were estimated from measurements derived from a Futrex-5000/XL device (v 8.3, Futrex, Inc., Gaithersburg, MD) failed to demonstrate any significant differences between the groups. 18 Because the data failed to demonstrate normal distributions, nonparametric statistical analyses were used. Differences between pretraining and posttraining measurements were assessed with the Wilcoxon Signed-Ranks Test and differences between groups were assessed with the Mann-Whitney U-test. Values for the post-training peak torque (PT) and total work (TW) were generally greater than pretraining values for both directions of rotational movement, both extremities, and both test velocities (p < .05). Post-training WANT results demonstrated that peak power (PP) and mean power (MP) increased significantly (p < .05) for the scapular plane group, but there was not a significant difference between the groups (Table 2) . (n = 10) (n = 10) (n = 10) (n = 10) 
